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7KHPDMRU IDFWRU RI WKHUPDO KLVWRU\ RIPDWHULDO DIIHFWLQJ WKH W\SHV RI SKDVH DQG WKH UHVXOWLQJPLFURVWUXFWXUH
LQFOXGLQJWKHWHPSHUDWXUHYDULDWLRQDQGWKHWLPHGXUDWLRQRISUHKHDWLQJVROLGLILFDWLRQDQGSRVWWUHDWPHQWSURFHVVHV
>@
7KH RSWLPDOPHFKDQLFDO SURSHUWLHV DQG WKHPDQXIDFWXULQJ SURFHVV LV UHODWHG WR WKHLU WKHUPDO YDULDWLRQ KLVWRU\
GHVLJQHG DFFRUGLQJ WR WKH UHTXLUHPHQW RI SURGXFWV LQ WKHLU ZRUNLQJ HQYLURQPHQW )RU DGYDQFHG LQGXVWULDO
DSSOLFDWLRQPRUHWKDQRQHGLIIHUHQWPHFKDQLFDOSURSHUWLHVLVQHHGHGIRUDSURGXFWWRILWWKHZRUNLQJHQYLURQPHQW
)RUH[DPSOHDLGHDORUWKRSHGLFUHSODFHPHQWGHPDQGVJRRGKDUGQHVVRQWKHVXUIDFHWRUHVLVWZHDUDWWKHVDPHWLPH
WKH PDLQ ERG\ UHTXLUHV PRUH WRXJKQHVV WR OHQJWKHQ WKH VHUYLFH OLIH VSDQ ,W LV KRZHYHU XVXDOO\ FRPSURPLVHG
EHFDXVH WKH DUUDQJHPHQW RI PHFKDQLFDO SURSHUWLHV FDQQRW IXOOILOO RSWLPDO UHTXLUHPHQW E\ XVLQJ WUDGLWLRQDO
PDQXIDFWXULQJPHWKRGV+HQFHDORWPRUHVSDUHSDUWVKDYHWREHPDGHWRUHSODFHWKHEURNHQSDUWVDQGVXIIHUHGD
JUHDWORWRIZDVWH
6HOHFWLYH ODVHU PHOWLQJ 6/0 LV D SURPLVLQJ PHWDO $GGLWLYH 0DQXIDFWXULQJ $0 PHWKRG WKDW GLIIHUV IURP





+RZHYHU HYHQ WKRXJK WKH FRROLQJ UDWH FDQ EH FRQWUROOHG YLD WKH VFDQQLQJ VSHHG RI WKH ODVHU DQ LQFRUUHFW
VFDQQLQJVSHHGDQGODVHUSRZHUOHDGVWRGLVFRQWLQXRXVPHOWLQJWUDFNVDQGXQDYRLGDEOH WKHIRUPDWLRQRIXQZDQWHG
SRUHV %HFDXVH XVXDOO\ WKH SDUWVZRXOG UHTXLUH GHQVH TXDOLW\ H[FHHGLQJ  E\ WKH 6/0 SURFHVV 7KH IHDVLEOH






H[LVWLQJ KHDW WUHDWPHQWPHWKRG DIWHU 6/0SURFHVV0RVW RI WKHVH SUREOHPV DUH FDXVHGE\ WKH FRQWURO RI WKHUPDO
KLVWRU\LQWKH6/0SURFHVVEXWLWLVQRWHDV\WRILQGDEHWWHUVROXWLRQVIRUWKDWXVLQJH[LVWLQJ$0V\VWHPV
,QGXVWULDO 7HFKQRORJ\5HVHDUFK ,QVWLWXWH ,75, IURP7DLZDQ KDG GHYHORSHG D K\EULGPHWKRG LQ  E\ WKH
HOHFWURPDJQHWLFIRUFHFRQWUROV\VWPWRYDU\WKHPDWHULDOPLFURVWUXFWXUHXVLQJWKHVDPHSDUDPHWHUVRI6/0SURFHVV
>@ ,Q WKLVDUWLFOHZHGHYHORSVDQRSWLFDOFRQWUROOLQJ WHFKQLTXH QDPHG2SWLFDO(QJLQH IRUDFXVWRPPDGH ODVHU
$0HTXLSPHQW$FRPSOH[ODVHUEHDPVKDSHZLWKDGGDSWLYHLUUDGLDWLRQSURILOHVZDVPDGHWRSHUPLWORFDOFRQWURORI
PDWHULDO FKDUDFWHULVWLFV DQG WKXV WR RSWLPL]H WKH SURGXFW SHUIRUPDQFH 7KH WHFKQRORJ\ FRQVLVWV RI D PDLQ EHDP
VKDSHIRUPHOWLQJWKHSRZGHUDQGDQH[WHQGHGEHDPVKDSHIRUFRQWUROOLQJWKHUPDOKLVWRU\GXULQJVROLGLILFDWLRQ
7KLV WHFKQLTXH PD\EH VXLWDEOH IRU DSSLFDWLRQV LQ DGYDQFHG PHGLFDO HTXLSPHQW DHURQDXWLFDO DQG DXWRPRELOH
LQGXVWULHV )RU H[DPSOH DV IRU DXWRPRELOH DQG DHURQDXWLFDO LQGXVWULHV WKH YLWDO VWUXFWXUDO FRPSRQHQWV VXFK DV
WXUELQHV UHTXLUH LVRPHWULFPDWHULDO VWUXFWXUHRI WKH URWRUKXEDW WKHFHQWHU WR UHVLVW DEUDVLRQ DQGPRQRFU\VWDOVRU
LVRWURSLFFU\VWDOVRI WKHVXUURXQGLQJEODGHVIRUKLJKWHPSHUDWXUHIDWLJXH,Q WUDGLWLRQDOPDQXIDFWXULQJPHWKRG WKH
SDUWV VKRXOGEHPDQXIDFWXUHG VHSDUDWHO\XVLQJGLIIHUHQWPDQXIDFWXULQJPHWKRGZLWK WKHLURSWLPDO WKHUPDOKLVWRU\
FRQWURO ,W LV DOPRVW LPSRVVLEOH WRDFKLHYHERWKRI WKHLU UHTXLUHGPLFURVWUXFWXUH LQDQXQLWERG\XVLQJ WKHH[LVWLQJ
KHDWWUHDWPHQWPHWKRGV
2SWLFDO HQJLQH LV GHVLJQHG IRU VROYLQJ VXFK FDVHV E\ FRQWURO WKH WKHUPDO KLVWRU\ ZLWK GLIIHUHQW VROLGLILFDWLRQ
PHFKDQLVP GXULQJ 6/0 SURFHVV WR JDLQ WKH GHVLUHG JUDLQPLFURVWUXFWXUH RI WKHPDWHULDOV WRPDWFK WKH UHTXLUHG




FRQWURO WKH WKHUPDO KLVWRU\ LQ D SURFHVV$ FRPSOH[EHDPPRGXODWRUZDV DUUDQJHGEHWZHHQ WKH ODVHU VRXUFH DQG
VFDQQHUWRJHQHUDWHDFRPSOH[EHDPVKDSHLQRUGHUWRFRQWUROWKHUPDOKLVWRU\RID6/0SURFHVV
7KHFRPSOH[EHDPPRGXODWRU  FRPSULVHVDEHDPVSOLWWHU IRU VSOLWWLQJDFROOLPDWHG LQFLGHQWEHDPIURPD ODVHU
VRXUFHLQWRDPDMRUEHDPDQGDH[WHQGHGEHDP$EHDPVKDSHUIRUVKDSLQJDWUDQVYHUVHHQHUJ\GLVWULEXWLRQSURILOH
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RI WKHH[WHQGHGEHDPWRGHVLUHG7KHEHDPGHOLYHU\XQLWIRUJXLGLQJ WKHPDMRUEHDPDQG WKHH[WHQGHGEHDPWRD
EHDP FRPELQHU IRU UHFHLYLQJ JHQHUDWLQJ DQG FRPELQLQJ WKHP LQWR FRPSOH[ EHDP WR EH GLUHFWHG LQWR VFDQQHU
0RUHRYHU WKHRSWLFDO HQJLQHKDYH DQ HOHFWURQLFEHDPFRQWURO V\VWHPDQGD UHODWHG VRIWZDUH WR DGMXVW WKH HQHUJ\
PDJQLWXGH DQG HQHUJ\ GLVWULEXWLRQRI WKH FRPSOH[ EHDP:KLFK VZLIWO\ DGMXVW WKH EHDPSURILOH DQG GLUHFWLRQRI
FRPSOH[EHDPWRILWWKHVFDQQLQJURXWHRID6/0SURFHVV
7KHFRPSOH[EHDPSURILOHZDVVLPXODWHGE\VXSHUSRVLWLRQLQJDQRUGLQDU\DQGDQH[WHQGHG*DXVVLDQEHDPV$Q
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([SHULPHQWDOVHWXS
7KH H[SHULPHQWDO DSSDUDWXV ZDV EXLOW DW WKH /DVHU DQG $GGLWLYH 0DQXIDFWXULQJ 7HFKQRORJ\ &HQWHU ,75,
7DLZDQ,WLVDQDPLQDO6/0H[SHULPHQWDOSODWIRUPLQVWDOOHGZLWK,75,GHYHORSHGRSWLFDOHQJLQH
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ZKHUHT LV WHPSHUDWXUH t LV WKH LQWHUDFWLRQ WLPH c LV WKH KHDW FDSDFLW\ȡ LV WKH GHQVLW\ DQG k LV WKH WKHUPDO
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ZKHUH r0 LV WKH VSRW UDGLXV DQGP LV WKH ODVHUSRZHUɄLV WKH UHIOHFWLYLW\$QG WKH VXUIDFH FRQYHFWLRQKHDW ORVV LV
GHVFULEHGXVLQJ1HZWRQ¶VODZRIFRROLQJDV




















:LGWK  PP +HLJKW DQG WKHVH VDPSOHV ZHUH DQDO\]HG E\ ;5' 0,1,)/(;  5LJDNX -DSDQ ZLWK &X
UDGLDWLRQZDYHOHQJWKc
5HVXOWVDQG'LVVFXVLRQ
7KH$16<6 VLPXODWLRQ UHVXOW LV LOOXVWUDWHG LQ )LJ7KHPDWHULDO WUHDWHG E\ WKH FRPSOH[EHDP LQFUHDVHG WKH
WHPSHUDWXUHRYHUPHOWLQJSRLQWDQGWKHQDQQHDOHGZLWKDVHWWHPSHUDWXUH7KHWLPHSHULRGRIDQQHDOLQJWHPSHUDWXUH







ZLOO EH NHSW DW DQ DQQHDOLQJ WHPSHUDWXUH IRU D SHULRG RI WLPH WR FKDQJH WKHPHFKDQLVP RI VROLGLILFDWLRQ E\ WKH
H[WHQGHGEHDP
0RUHRYHU YDULRXV HQHUJ\ PDJQLWXGH FDQ EH VHW DORQJVLGH HQHUJ\ GLVWULEXWLRQ DQG WKH VSDWDO UHODWLRQVKLS RI
*DXVVLRQEHDPDQGH[WHQGHGEHDPLQWKHFRPSOH[EHDPWRFUHDWHGLIIHUHQWWHPSHUDWXUHKLVWRU\LQWKH6/0SURFHVV

















03D +9 LV KLJKHU WKHQ WKH VDPSOH XVLQJ FRPSOH[ EHDP 7HQVLOH VWUHQJWK  03D +9  %XW WKH
HORQJDWLRQ DW EUHDNRI WKH VDPSOHXVLQJ FRPSOH[EHDP a  LVPXFKKLJKHU WKDQ WKH VDPSOHXVLQJQRUPDO
*DXVVLDQ EHDP a 7KH UHVXOWV LQGLFDWHG WKDW WKHPHFKDQLFDO SURSHUWLHV FDQ EH VXFFHVVIXOO\ DGMXVWHG LQ WKH













WKHUPDO KLVWRU\ VXFK DV SUHKHDWLQJ WHPSHUDWXUH FRROLQJ UDWHV RI VROLGLILFDWLRQ LQ HYHU\ ORFDO DUHD WR REWDLQ WKH
GHVLUHG$0SURGXFW FKDUDFWHULVWLFV 7KH GHVLJQ RIPDWHULDO VWUXFWXUH WKHPHFKDQLFDO SURSHUWLHV DQG WKH SURGXFW
SHUIRUPDFHREWDLQHGZLWKGLIIHUHQWSDUDPHWHUVPD\EHSUHGLFWHGE\VLPXODWLQJDQDO\VLVLQWKHIXWXUH,WLVRSWLPLVWLF
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